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Thermal Expansion of Polytetrafluoroethylene
(Tefion) From -190° to +300° C

Richard K. Kirby

The linear thermal expansion of fonr =amples of Teflon wus determined. The results for
annealed Teflon are indicated in 8 plot of the expangion weisus temperntuve and in o table
listing the average coeffleients of linesr expansion from —190* to +3W° C. The effect of

internal residial stresaes oo the expansion

Tefon wax gtudied and found to ba sonsiderable.

The Brst-order transltions at 207 and 307 C aro clearly shown in a plot of the coefleilents of

EX[EIAI0Nn VETSNE temperatire.

1. Introduction

Polytetrefluoroethylens (Teflon), [—CFs—CFs—]la,
15 a thermoplastic resin that is made by polymerizing
tetrafluoroethylene, (CFe=—(T;, at high tetnperatures
and pressnres [1]1 The earbon and fleotine atoms in
the long molecules of Teflon are arranged in the form
of a helix, a full 260° twist every 28 carbon atomes
along its length [2).

Ahove 330° C, Teflon is transparcnt and is in »
state gimilar to that of a liquid, m that it 15 free of
strein and has no erystalline strueture [1, 3). At
ghout: 325° C, Teflon starts to crystallize on cooling
and becomes opague and waxy in appesrance [3].
Xoray diffraction patterns indicate that the orienta-
tion 15 parallel with the axez of the malecules (two-
dimensional) and that the crystallization continues
until the temperature i2 slightly above room tempera-
tura [2]. At about 30° C & first=order {rensition oceurs
T4, 5], which is probably due to smoll and uncqual
longitudinal displacements of the moleculea [2]. At
about 20° ! a much larger first-order tranaition
ocours [4, §, 8], whieh is probably due to 4 rotation of
the molacules around their bxes [2]. The expansion
due to the transitiona at 20° and 30° C s reversible
on heating and cooling if the tomperature is slowly
changed. A slight hysteresis will oecur during rogpid
Leating, and & large hystereaia will oceur during rapid
cooling [4]. At temperatures below 15° O, X-ray
diffrnetion patterns indicate s three-imensional
arientation [2].

Because the long polymer molecules are not
straight over their entire length, the stimeture of
Teftlon iz never completely crystalline. Instead, only
small regions of the structure are crystsiline where
strapght sectiona of & proup of molecules come to-
gother in parallel alinement, These small crystalline
regions ars seattered throughout the material and are
tied togather in & rendom fashion by the long maole-
cules that pass through two or more of themn [1].

Toflon has a very outstonding chemicsl stability
[1,3]. Atroom temperature it is not affected by any
of the usual 1norganie acids or by o ic aolvents
and iz attacked only by the alkali metals and flucrine
or flnorine-forming compounds ot high temperatures
and pressures. Teflon i1s also an outstanding elac-

1 Flgures in brorkaks lvdbcata the 1itamweome redeoomess sk Ehe mmd of khiy poper,

a1

trical insulator for high-voltage or uwltra-high-fre-
quency applications [7]. Because of ite v low
coefficient of frietion very fow substances will stick
to it, and it can be used a2 an oil-free bearing. Teflon
has one of the highest thermal stabilities of any
ktiown polymer, mantaming many of ita useful
propertics up to 300 O 1t volstilizes at & very slow
rate below 4007 18], but, because of the toxicity of the
pased evolved, sustained temperatures of over 200° O
should not be w=ed without proper ventilation.

Although several investigationz of the thormal
expansion of Teflon have been made, only two of
them have been published (4, 8). Thess publications
ware mairly concerncd with the sbnormal behavior of
Teflon around 20° and 30° C and only reported
gingle values for the coefficients of expansion imme-
diately below and above these temperaturea. The
purpo=a of thiz investigation i= to report relishle
vaiuse of the linear thermal expansion of Teflon over
as wide & range of temperature as practical for this
m;’rierial_ The results are given in two figures and a
tabic.

2. Samples and Experimental Procedure

Four samples of Teflon were investigated, as indi-
catad in teble 1. The coeflicienta of linear thermal
expansion that are reported for these semples were
determined after the zamplezs had been annesled by
hoating to abomt 350° C and ecooling slowly. The
values for the densily of the samples listad in table
1 were also determined after anonealing.  The varis-
tions betwern the densitics are probebly due to

differences in forming technigues {lpl:essure, temcpl)_ -
ature, and lenpth of time of the molding or extruding
process) [4].
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A time-temperature curve was chtained on satnple
A on both hentm%]aud cooling and s single transition
was located at about 323° Thie temperature is
in accord with previgus investigations [1,3].

The fused-quartz tube and disl-indicator method
[1}] was used for the linear expansion tests on spme-
ple= A, B, and I, The disl indicator was graduated
to 0.0001 inck, The waight of the fused-quartz
rod and the spring in the dial indicator produced a
force of gbouf 150 grams on each samgple in the
diraction of its axis.

The linear expansion of sample C was determined
with the precision micrometric method [10]. In this
apparatus the sample is in s horizontal position
with no externsl forces applied in the direction of
1ts axas,

The cuabical expansion of a aample (100 mm long)
cut from tha sama rod as sample (]3 waa datermimed #
with a hydrostatic weighing method [11].

The temperatures of the samples were measured
with a thermocouple placed in a hole near the center
of each sample, except in the cubical expansion test
where & thermometer was used to mensure the tom-
perature of the water near thesample. Temperatures
below room temperature were obtained by using
ice, dry ice, gnd liquid eir as the refrizerants. Most
of the observetions of axpansion were talken when
the temperature of the sample was constant.
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3. Results and Discusgion

In the course of this investigation not only ware
most of the observations of expansion made on
sample A but they wera aleo made over a muych wider
temperature rangs than on the other samples.
Figure 1 shows tha curve for the linear expansion of
sample A from about —190°% to 4+300% C in the
annealed condition and the curve for its correspond-
ing coefficients of expansion, The points to which
the cxpanzion curva waa fitted, as indicated in the

, are averagas of the actual observations and
are plotted as the expansion from an erbitrary zero
at 25° I, Thi= temperature was chosen because it
is loeated about midway between the transitions at
20° and 30° C.

Tha eurve representing the coefficients of expansion
versue temporaturs was obtained by calculating the
average coefficienta between the actual consecutive
observations of expansion sbd eorrecting tham =o
that they represent the true thermodynamic coeffi-
cienta of linear thermal expansion «=(1/L) (dL/dL),
where L is the len at #* C. This curve showe
quite clearly the first-order transtions at 20° pod
30° C and nlso indicates the grent increase in the rate
of expansion at temperaturea approaching the transi-
tion at 223° C,

The results of the expansion meassurements on all
four eamples from 0° to 110° C in the annealed
condition are shown in fisure 2. Tha eurve repre-
genta the expansion of sample A and is the same ns
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in ﬁﬁure 1, Figure 2 indicates that the expaunsions

of ell four samnples are comparable. Iuﬁt, their

expansions can ba shown to be equal within the

axperimental error found in the measursments of
mion of sample A alone.

t was found durinﬁlthe course of this investipation
that the langth and thermal expansion of Teflon are
greatly affected by remdval siresses within the
samples, This was demonatrated by comparing the
expansion andfor lelﬁl.h of each sample in the
annealed condition with their correspondmy proper-
ties in g strained condition,

After sample I? had been annealad it was machined
from a 0.75-inch diameter to a 0.58-inch-diameter
red.  This treatment apparently hed the effest of
stretching the sample because after a accond annesl-
1%5 it wea found to he shorter by 1.0 pereceni. The
effact of this induced strain was to decrease the rate
of expension by about 14 percant,

Samples A and C wers found to be 7.4 and 4.0
parcent longer, respectively, in the annealed condi-
tion than they were in their extruded conditions.

Before sampls B had been snnealed ite expansion
wis determined from 0° to 35° C and was found to
be 20.9 nt lower than it was after it had been
AT . Correspondi its length was found to
bo 7.2 percent Jonper. ter it had been aonealed
and the expansion determined, the semple was
heated to about 300° O with an axial prossure
sufficient. to cause it to be permanenily shortened hy
1.2 percent. Its expansion was again determyned
from 0° to 35° C and was found to ba 9.2 percent
larger, After & second smnealing the length and
cxpansion of the samdpla were found to be approxi-
mately what they had been after the first annealing.

The changa in length of Teflon due to the transi-
tiona at 20° and 30° C is about 0.24 percent. This
value was obtained by cnnstruntin%el e tangents to
the expansion curve immediately balow and above
these transitions and determining ifference
hetween them at 20° (), This walue iz not in good
agreamant with the values of Righy nnd Buon (9]
and Quinn, Roberts, and Work [4]. The former
reported a change in volume of about 1 percent (0.3
porcant in length) doe only to the trensition at
20° C, and the latter rapﬂr’tre?i n change in volume of
1,23 percent (041 percent in length) due io hoth
transitions, The sbove differences could be ex-
plained if their samples weres more crystalline than
the onea used in this investization. A partisl
explanation can be based on the effect of residual
stresses in their samples as they apparently were not
annealed.

Table 2 pives the average coefficients of linear
thermal expansion of Teflon m the annesled condition
between 25° C and various other temperatares from
—190° to +300° C. These coofficients of expansion
were calculated with the expression yep={Ff— Lz}
[La(E—25)] in which L, is the length at £ C, an
L ig the length at 25° C. The error of these
average coefficients, estimated from repeated
measuraments, is ahout 1331079/ L.
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